Abstract-Due to government regulations and policies aimed at improving fuel economy and reducing emissions, it is increasingly important to achieve control over transient behavior and meet performance objectives over the life of the vehicle. This requires the development of high performance and robust power train controllers. The performance objectives are often conflicting, or at best interrelated. Controlling engine torque is one way to potentially meet these performance requirements. Spark ignition engine is a combustion engine that operates with a very wide operating point. Each point of engine operation provides different properties to each other, so that the control treatment to be given varies a great deal. This problem led to a single controller design becomes very difficult to be realized. In this research, a new design method of fuzzy robust control proposed to provide an alternative solution to build an integrated-control that can anticipate a system that works on a wide operating point and have different characters for each operating point. From the simulation results, it can be concluded that the design of robust fuzzy controller can be used simultaneously for several operating point without having to redesign the controller.
I. INTRODUCTION
Over the last three decades there has been a dramatic evolution in spark ignition engine control systems, largely driven by government regulations and policies aimed at improving fuel economy and reducing emissions. It is increasingly important to achieve control over transient behavior and meet performance objectives over the life of the vehicle. This requires the development of high performance and robust power train controllers. The performance objectives are often conflicting, or at best interrelated. Due to this reasons controlling of automotive engines is needed.
Control of automotive engines focuses on a variety of problems, including control of idle speed, spark timing, air-fuel ratio, and engine torque. Various studies have been done to these efforts, some of which focus on controlling the engine speed and manifold pressure [3] [4] [11] [17] . The problem is controlling the engine speed and manifold pressure has not been able to provide solutions to the needs of Manuscript received June 24, 2011. Aris Triwiyatno is with the Department of Electrical Engineering, Diponegoro University, Semarang, Indonesia (e-mail: aristriwiyatno@ yahoo.com).
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large torque which at times appear more responsive. Another approach that proved more effective is by controlling engine torque [13] [14] [15] . By controlling engine torque automatically increases vehicle performance, improving fuel economy and reducing emissions. This happens because the maximum engine torque can be achieved only by doing perfect combustion of fuel in the combustion cylinders, meaning to maintain perfect combustion of fuel usage to be effective and efficient.
This paper focuses in particular on spark ignition engine torque control. Spark ignition engine is a combustion engine that operates with a very wide operating point. Each point of engine operation provides different properties to each other, so that the control treatment to be given varies a great deal. This problem led to a single controller design becomes very difficult to be realized, as been proposed in the last studies by robust control techniques [2] [4] [11] , optimal control techniques [13] [15] , and optimal-fuzzy control technique [17] . In these studies, some conditions of engine operation can be controlled well with appropriate process control, but in other conditions, without redesigned the controller, the system becomes unstable or not good enough to meet its performance requirements. In this research, a new design method of fuzzy robust control proposed to provide an alternative solution to build an integrated-control that can anticipate a system that works on a wide operating point and have different characters for each operating point. The solution offered is to create multiple soft-switching with fuzzy reasoning for the optimal solution control at every operating point. Optimal solution control at each operating point was designed by using linear quadratic integral optimal control tracking problem.
As an implementation, by using approximation of AFR and ignition time is left on the standard setting that ideally yield maximum engine torque, i.e. at 14.7 AFR and the spark advance to 15 degree MBT, the throttle opening commanded by the driver will be corrected with secondary throttle [15] that guarantees engine torque output will follow the desired engine torque input. In this case, spark ignition engine with automatic transmission is used to meet a good performance under this controller design.
II. SPARK IGNITION ENGINE WITH AUTOMATIC TRANSMISSION
In general, block diagram of the spark ignition engine with transmission control unit depicted in Fig. 1 . In this research, the model was a 4-step gear transmission [1] .
Engine receives input of the throttle opening provided by the driver. The resulting spin machine connected to the impeller of torque converter that is coupled also with the transmission control unit. Input-output characteristics of the torque converter can be expressed with the functions of engine speed and turbine speed.
where
Transmission model is expressed as static gear ratios, assumed to have only a small time shift, so that it can be ignored (in fact a matter of this time shift will cause problems robustness). Vehicle dynamics in this model is influenced by the final drive, inertia, and dynamically varying load.
Load torque includes road load and brake torque. Road load is the summation of frictional and aerodynamic losses.
where T load = load torque R load0 , R load2 = friction and aerodynamic drag coefficients T brake = brake torque mph = vehicle linear velocity Fig. 2 provides an illustration of the shift gear ratio schedule. Transmission gear ratio is given in Table I . III. ENGINE TORQUE MANAGEMENT STRATEGY Basically, the engine torque management strategy use throttle opening control function, air to fuel ratio (AFR), and ignition timing simultaneously to produce desired engine torque. In practical reality, desired engine torque does not exist, because the input given by the driver on the system is the position of the accelerator pedal (pedal position). For that reason, the engine torque control strategy known as the mapping between the position of throttle opening (pedal position) and engine speed with engine torque command [13] . Fig. 3 shows the mapping for the sporty vehicle feel and Fig.  4 shows the mapping for economical vehicle feel. Command for Economical Vehicle Feel [13] In this research, engine torque control regulation conducted only by controlling throttle plate angle with secondary throttle [15] . AFR and ignition time is left on the standard setting that ideally yield maximum engine torque, i.e. at 14.7 AFR and the spark advance to 15 degree MBT.
IV. OPTIMAL CONTROL: LINEAR QUADRATIC INTEGRAL TRACKING PROBLEM
Integral action is used in classical control to eliminate steady state errors when tracking constant signals. It can be generated in a LQ setting by considering the integral of the output error as an extra set of state variables.
Consider a state equation of dynamic system as follow:
The integral of the tracking error is generated by the following differential equation:
Define an augmented state error ⎥ ⎦ ⎤ ⎢ ⎣ ⎡ = w x x~ then the augmented error state equation is:
A suitable performance index would be:
The optimal control law is as follow:
S is the solution to the ARE:
Using the definitions for x and ũ , we have:
, therefore:
We have seen before that r B CA u 
V. FUZZY LOGIC CONTROLLER AS MULTIPLE SOFT SWITCHING
Fuzzy logic controller is one of the controllers based on if-then rules that can be used for decision making as the human mind. At this research, Sugeno fuzzy inference mechanism is used as soft-switching of optimal control gain data base. The purpose of soft-switching is to select the most appropriate optimal control gain based on the approximate operating point of the system. The inputs of fuzzy control system are estimated information of operating point and state of the system. The outputs of fuzzy control system are the control action signals.
Introduced in 1985 [16] , Sugeno fuzzy inference mechanism is similar to the Mamdani method in many respects. The first two parts of the fuzzy inference process, fuzzifying the inputs and applying the fuzzy operator, are exactly the same. The main difference between Mamdani and Sugeno is that the Sugeno output membership functions are either linear or constant.
A typical rule in a Sugeno fuzzy model has the form as: 
where : state of the system. w : error between output and reference signal. r : reference signal.
As being a soft-switching, the inputs of fuzzy inference system must be coupled with estimated operating point information. But because it only serves as conditional inputs, these inputs cannot be involved to the calculation of output as in Eq. 20, so that Eq. 20 can be modified as follows:
where c = operating point information signals.
with every k i = 0, as n is amount of operating point information signals.
As a switching mechanism, the rules of the fuzzy inference system are redesigned as one of example as follows: Fig. 6 shows input-output global design. Fig. 7 and Fig. 8 show example of membership functions of input and output fuzzy logic controller to be used. Simulations performed with Matlab Simulink as shown in Fig. 9 and Fig. 10 . The simulation results with some operating point are shown in Fig. 11, Fig. 12, Fig. 13 , and Fig. 14, including uncontrolled and controlled by fuzzy control responds. Fig. 11 simulated using operating condition throttle opening about 10 degrees and first gear application. Fig. 12 simulated using throttle opening about 10 degrees and second gear application. It can be shown that there are different characteristics of the system with the addition of gear position. By providing such a fuzzy controller applications that have been designed previously, we see that the system will work better by performing tracking in accordance with the desired engine torque based on throttle input opening (using the mapping economical vehicle feel).
Similarly, by changing the throttle opening wide enough, with the same gear position, as shown in Fig. 13 and Fig. 14 , where Fig. 13 shows the simulation with the input throttle opening of about 30 degrees and the third gear position, and Fig. 14 shows the simulation with the input throttle opening amounting to about 50 degrees and the third gear position, we see that the system will work better too by performing tracking in accordance with the desired engine torque based on throttle input opening (using the mapping economical vehicle feel). [Gear]
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[TEngUnctrl] From the simulation results, it can be summarized that by using fuzzy controller design as above, the controller operates very well for a wide operating point with the character differences are quite striking. This will give a controller design effectiveness and impact indirectly plays an important role in improving engine performance.
It can be concluded too that the use of knowledge-based control system applications will be very beneficial to overcome control problems with performance index contradictory as torque settings on spark ignition engines. It's just to complete this research needs to be clarification of the rule base according to the manufacturer's standards and drive the action that is given not only opening the throttle valve and secondary throttle, but also includes the arrangement of air to fuel ratio and ignition time. Thus the fuzzy rules have the discretion to reduce the use excess fuel to get the engine torque as close as possible to the desired engine torque.
